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Value of the data {#sec0001a}
=================

•This data is useful to determine the most adequate method to estimate the real-time efficiency of induction motors according to its operating load and power supply characteristics.•This data can be used by researchers to develop new real-time efficiency estimation methods for induction motors, which consider variable load, harmonics and voltage unbalance.•This data can be used to further define the influence of harmonics and voltage unbalance on the operation and efficiency of induction motors.

1. Data Description {#sec0001b}
===================

The data correspond to the experiments developed to assess the real-time energy efficiency estimation methods used for induction motors.

Table 1 (see Appendix A) shows the electric and mechanic parameters measured at the 11 load factors for balanced sinusoidal voltage, and the efficiency calculated from the experimental data. Likewise, Table 2 (see Appendix A) shows the electric and mechanic parameters measured for balanced harmonic voltage, and the efficiency calculated from the experimental data. Furthermore, Table 3 (see Appendix A) shows the electric and mechanic parameters measured for unbalanced sinusoidal voltage, and the efficiency calculated from the experimental data. Finally, Table 4 (see Appendix A shows the electric and mechanic parameters measured for unbalanced harmonic voltage, and the efficiency calculated from the experimental data.

Moreover, Table 5 (see Appendix A) shows the power output measured for the induction motor operating under balanced sinusoidal voltage, and the efficiency results estimated with the different methods considered in this experiment. In addition, it includes the estimation error as compared to the efficiency calculated from the experimental values in table 1. Likewise, Table 6 (see Appendix A) shows the power output measured for the induction motor operating under balanced harmonic voltage, and the efficiency results estimated with the different methods considered in this experiment. Additionally, it shows the estimation error as compared to the efficiency calculated from the experimental values in table 2. Similarly, Table 7 (see Appendix A) shows the power output measured for the induction motor operating under unbalanced sinusoidal voltage. Furthermore, it shows the estimation error as compared to the efficiency calculated from the experimental values in table 3. Finally, Table 8 (see Appendix A) shows the power output measured for the induction motor operating under unbalanced harmonic voltage. In addition, it shows the estimation error as compared to the efficiency calculated from the experimental values in table 4.

[Table 9](#tbl0001){ref-type="table"} presents the nominal data of the electric motor. Moreover, [Fig. 1](#fig0001){ref-type="fig"} shows the experimental test setup used for the balance sinusoidal voltage condition. [Fig. 2](#fig0002){ref-type="fig"} shows the experimental test setup used for the balance harmonic voltage condition. [Fig. 3](#fig0003){ref-type="fig"} shows the experimental test setup used for the unbalance sinusoidal voltage condition. [Fig. 4](#fig0004){ref-type="fig"} shows the experimental test setup used for the unbalance harmonic voltage condition. [Fig. 5](#fig0005){ref-type="fig"} shows the linear regression model of electric power vs. mechanical power of the Lorenzo induction motor (DL 1021), obtained from the data in [Table 9](#tbl0001){ref-type="table"}.Table 9Nameplate and catalog data of induction motor (De Lorenzo DL 1021)Table 9ParametersValueMechanical power (W)1,100Efficiency (%)82Voltage (V)220Current (A)3.9Frequency (Hz)60Power factor (p.u)0.9Poles2Speed (rpm)3,420Connection∆Insulation classFNEMA designBStator resistance r~s~ (at 25°C) (Ω)4.13Efficiency (%) Load Factor 100%82Efficiency (%) Load Factor 75%78Efficiency (%) Load Factor 50%70Mechanical power (W) Load Factor 100%1,100Mechanical power (W) Load Factor 75%825Mechanical power (W) Load Factor 50%550Electrical power (W) Load Factor 100%1,366Electrical power (W) Load Factor 75%1,086Electrical power (W) Load Factor 50%809Fig. 1Schematic diagram of the experimental test setup for balanced sinusoidal voltage.Fig 1Fig. 2Schematic diagram of the experimental test setup for balanced harmonic voltage condition.Fig 2Fig. 3Schematic diagram of the experimental test setup for unbalanced sinusoidal voltage condition.Fig 3Fig. 4Schematic diagram of the experimental test setup for unbalanced harmonic voltage condition.Fig 4Fig. 5Linear regression of the electric and mechanical power of the De Lorenzo (DL 1021) induction motor.Fig 5

2. Experimental Design, Materials, and Methods {#sec0001c}
==============================================

The electrical parameters measured during the experiments include:•Line voltages: V~ab~, V~bc~, V~ca~•Voltage angles: θ~ab~, θ~bc~, θ~ca~•Line currents: I~a~, I~b~, I~c~•Current angles: φ~a~, φ~b~, φ~c~•Total harmonic distortion voltage (THDV) and individual voltage distortion (V~k~) (apply only for conditions 2 and 4)•Total harmonic distortion current (THDI) and individual current distortion (I~k~) (apply only for conditions 2 and 4)•Power factor

A power quality and energy analyzer (Fluke 435 series 6) was used to measure these parameters.

The mechanical parameters included:•Shaft torque•Rotor speed

A brake control unit (De Lorenzo DL 1054TT) and a magnetic powder brake (De Lorenzo DL 1019P) were used to measure these parameters.

The electric and mechanic parameters were measured simultaneously.

The mechanical power was calculated with the mechanical torque and speed measured as [@bib0002]:$$P_{\text{out}} = \frac{T_{\text{shaft}} \cdot n_{m}}{9.549}$$ where:

P~out~ -- Output or mechanical power (kW)

T~shaft~ -- Shaft torque (Nm) n~m~ -- Shaft speed (rpm).

The efficiency was calculated with the power measured as [@bib0003]:$$\eta = \frac{P_{\text{out}}}{P_{\text{in}}} \cdot 100\mspace{6mu}\left( \% \right)$$ where:

η -- Efficiency (%)

P~in~ - Electric power input (kW).

The load factor was calculated as [@bib0003]:$$L_{f} = \frac{P_{\text{out}}}{P_{r}} \cdot 100\mspace{6mu}\left( \% \right)$$ where:

L~f~ -- Load factor (%)

P~r~ -- Rated output power (kW)

For the experiments, an induction motor (De Lorenzo DL 1021) was used. [Table 9](#tbl0001){ref-type="table"} shows the nameplate data of the motor.

Four different power supply conditions were considered for the experiments:

1\. Balanced sinusoidal voltage: [Fig. 1](#fig0001){ref-type="fig"} depicts the experimental test setup used for this condition.

The experimental setup in this case includes a voltage source (De Lorenzo DL 1013M3), which supplies the induction motor (De Lorenzo DL 1021). A magnetic powder brake is used to control the motor load by controlling the torque. The magnetic powder brake is controlled by a brake control unit (De Lorenzo DL 1054TT) that in addition measures the torque and speed. Moreover, the electric parameters are measured with a power quality analyzer (Fluke 435 series 6).

2\. Balanced harmonic voltage: [Fig. 2](#fig0002){ref-type="fig"} depicts the experimental test setup used for this condition.

In this setup is included a variable-frequency drives, which is connected after the voltage source and operates at the nominal frequency during the experiments.

3\. Unbalanced sinusoidal voltage. [Fig. 3](#fig0003){ref-type="fig"} depicts the experimental test setup used for this condition.

This setup is like [Fig. 1](#fig0001){ref-type="fig"}. However, in this case a resistance is connected in series in one of the supply phases.

4\. Unbalanced harmonic voltage: [Fig. 4](#fig0004){ref-type="fig"} depicts the experimental test setup used for this condition.

This setup includes a variable-frequency drive connected after the voltage source operating at the nominal frequency during the experiments. In addition, a resistance is connected in series to one of the supply phases.

The operation of the induction motor was measured at 11 load factors for each power supply condition.

The load factor was controlled by varying the torque with the magnetic powder brake (De Lorenzo DL 1019 P) between 0.5 and 3.0 Nm at intervals of 0.25 Nm (i.e. 0.50 Nm, 0.75 Nm, 1.00 Nm, 1.25 Nm, 1.50 Nm, 1.75 Nm, 2.00 Nm, 2.25 Nm, 2.50 Nm, 2.75 Nm, and 3.00 Nm). The torque was controlled with the brake control unit (De Lorenzo DL 1054TT). Each experimental test was repeated 10 times.

The efficiency calculated from measured power was compared with the efficiency estimated by applying the nameplate, slip, current and air-gap torque methods.

The application of the nameplate method [@bib0004], requires the linear regression of the mechanical power as a function of the electrical power. [Fig. 5](#fig0005){ref-type="fig"} shows the linear regression between the mechanical power and the electrical power using the data depicted in [Table 9](#tbl0001){ref-type="table"}.

The mechanical power output was calculated using the regression model:$$P_{\text{out}} = 0.9895 \cdot P_{\text{input}} - 225.48$$

To implement the slip method, the mechanical power was calculated as [@bib0005]:$$P_{\text{out}} = P_{r} \cdot \left( \frac{n_{s} - n_{m}}{n_{s} - n_{r}} \right)$$ where: ns - Synchronous speed (rpm) n~m~ -- Shaft speed (rpm). n~r~ -- Rated shaft speed (rpm).

To implement the current method, the mechanical power was calculated as [@bib0006]:$$P_{\text{out}} = P_{r} \cdot \left( \frac{I_{m}}{I_{n}} \right)$$ where:

I~m~ -- Average of the measured current (A)

I~n~ -- Nominal current (A).

To implement the air gap torque method, the mechanical power was calculated as [@bib0007]:$$P_{\text{out}} = \frac{2 \cdot \pi \cdot T_{\text{ag}} \cdot n_{m}}{60} - \left( {P_{\text{fe}} + P_{\text{fw}}} \right) - P_{\text{sll}}$$

Where the T~ag~ is calculated as:$$T_{\text{ag}} = \frac{\sqrt{3} \cdot P}{6}\left\{ {\left( {i_{a} - i_{b}} \right) \cdot \int\left\lbrack {v_{\text{ca}} + r_{s} \cdot \left( {2 \cdot i_{a} + i_{b}} \right)} \right\rbrack\text{dt} + \left( {2 \cdot i_{a} + i_{b}} \right) \cdot \int\left\lbrack {v_{\text{ab}} - r_{s} \cdot \left( {i_{a} - i_{b}} \right)} \right\rbrack\text{dt}} \right\}$$ where

P -- Number of poles i~a~ -- Instantaneous stator phase current of phase a (A) i~b~ -- Instantaneous stator phase current of phase b (A) v~ab~ -- Instantaneous stator line voltage of line ab (V) v~ca~ -- Instantaneous stator line voltage of line ca (V)

P~fe~ -- Core losses (W)

P~fw~ -- Friction and windage loss (W)

P~sll~ -- Stray load loss (W)

T~ag~ -- Air-gap torque (Nm)

The combined no-load losses in the air gap torque method (i.e. P~fe~ + P~fw~) are estimated at 3.5% of rated power output, while P~sll~ is estimated as 1.8% of rated output power [@bib0008].

The error between the efficiency calculated with the values of P~out~ measured experimentally, and the efficiencies estimated with the P~out~ calculated with [Eqs. 4](#eqn0004){ref-type="disp-formula"}, [5](#eqn0005){ref-type="disp-formula"}, [6](#eqn0006){ref-type="disp-formula"}, and [7](#eqn0007){ref-type="disp-formula"} is determined as [@bib0009]:$${\text{Error} = 100} \cdot \frac{\eta_{e}\mspace{6mu}{- \mspace{6mu}}\eta_{m}}{\eta_{m}}$$ where:

ɳ~e~ -- Efficiency calculated with a value of P~out~ estimated with [equation 4](#eqn0004){ref-type="disp-formula"}, [5](#eqn0005){ref-type="disp-formula"}, [6](#eqn0006){ref-type="disp-formula"}, or 8

ɳ~m~ -- Efficiency calculated with the experimental value of P~out~
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